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JIG FOR FORMING SEALANT LAYER FOR
LIGHTNING PROTECTION FASTENER,
METHOD FOR FORMING SEALANT LAYER
FOR LIGHTNING PROTECTION FASTENER,
AND WING OF AIRCRAFT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a jig for forming a sealant
layer for a lightning protection fastener used in an airframe
of an aircraft, and more particularly, used in a wing.

2. Description of the Related Art

In general, a wing constituting an airframe of an aircraft
has a hollow structure. A wing panel forming a wing surface
is fixed to a structural member inside of the wing by a
fastener member.

The fastener member fastens the wing panel to the struc-
tural member by inserting a pin-shaped fastener body into
through holes respectively formed in the wing panel and the
structural member inside the wing from outside of the wing,
and fixing a distal end portion of the fastener body by using
a fixture such as a collar and a nut from inside of the wing.

A structural member other than the wing panel, a member
for fixing accessories or the like are also fastened and fixed
by the fastener member inside the wing or a fuselage
portion.

In aircrafts, all possible lightning protection measures
need to be taken by giving lightning protection capability to
the fastener member.

That is, when aircrafts are struck by lightning and high
current flows through the wing panel and the structural
member of a main wing or the like, the high current partly
or, in some cases, entirely flows through a fastened portion
fastened by the fastener member including the fastener body
and the fixture. If the current has a value exceeding a limit
value of passage allowable current in each fastened portion,
electric discharge called electric arc (or thermal spark)
occurs (the electric discharge is referred to as arc below in
the present specification). This is a phenomenon in which a
rapid temperature rise occurs in a fastened interface between
members mainly made of a conductive material and consti-
tuting the fastened portion due to the current passing through
the fastened portion, thereby causing the members to locally
melt, and electric discharge to occur in the surrounding
atmosphere. In many cases, high-temperature melts called
hot particles scatter from the melting portion.

An inner space of the wing generally doubles as a fuel
tank. It is thus necessary to take explosion protection mea-
sures on the fuel tank so as to prepare for lightning strikes.
When the above arc or hot particles have energy exceeding
a certain level, the arc or hot particles could ignite fuel vapor
in the fuel tank. Therefore, by suppressing the occurrence of
arc or sealing the arc in the lightning strikes, the generated
arc discharge needs to be prevented, and the hot particles
scattering therefrom need to be prevented from contacting
the flammable fuel vapor to thereby prevent ignition. Here,
examples of a portion where the flammable fuel vapor
possibly exists include an inner portion of the fuel tank
inside the wing and inside the fuselage portion, an inner
portion of a surge tank (where a vent scoop, a burst disk or
the like are placed) generally placed on a wing tip side of the
fuel tank, and an inner portion of fuel-system accessories.

As a method for sealing the arc, a configuration in which
a cap made of an insulating material is attached so as to
cover a required portion of a fastener member, an inner
portion of the cap is filled with a sealant so as to fill a gap
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between the fastener member and the cap has been proposed
(e.g., Japanese Patent Laid-Open No. 2010-254287). How-
ever, when the cap is mounted, a fastener portion for
mounting is required. It is thus necessary to extend the
length of a fastener body. Since a great number of fastener
members are provided in an aircraft, the weight of the
aircraft is increased. Fuel consumption is thereby deterio-
rated.

When the fastener member is attached to a narrow portion
with a small space therearound, a space for mounting the cap
may not be ensured.

A method for ensuring lightning protection capability by
overlaying an insulating sealant layer on a fastener member
without attaching the cap has been also applied. However,
workers normally form the sealant layer based on visual
observation. It is thus not easy to accurately form the sealant
layer having a required thickness for ensuring the lightning
protection capability around the fastener member.

In view of the above problems, a main object of the
present invention is to provide a jig for forming a sealant
layer for a lightning protection fastener which enables to
quickly and accurately form a sealant layer having a
required thickness around a fastener member.

SUMMARY OF THE INVENTION

To achieve the above object, the present invention pro-
vides a jig for forming a sealant layer for a lightning
protection fastener, the lightning protection fastener com-
prising a fastener member that passes through and fastens a
plurality of members constituting an airframe of an aircraft,
and an insulating sealant layer that is formed around the
fastener member. The jig includes a sealant cup, a cup
holder, and a dummy cup.

The sealant cup is used for overlaying a sealant to be
stored in a cavity on the fastener member.

The cup holder includes a guide for determining a posi-
tion of the sealant cup with respect to the fastener member.

The dummy cup determines a position of the cup holder
with respect to the fastener member.

The cup holder is determined in position with respect to
the fastener member by moving the guide along the dummy
cup determined in position with respect to the fastener
member.

The sealant cup is moved along the guide of the cup
holder so as to overlay the sealant around the portion to be
insulated after removing the dummy cup from the cup holder
determined in position with respect to the fastener member.

In accordance with the jig of the present invention, the
sealant cup is mounted to the cup holder determined in
position by using the dummy cup, so that the sealant cup can
be determined in position with respect to the fastener
member. Therefore, the sealant layer having a required film
thickness can be quickly and accurately formed around the
fastener member.

In the jig according to the present invention, the fastener
member may pass through and couple a first member and a
second member, and the sealant layer may be formed around
the portion to be insulated of the fastener member projecting
from one or both of the first member and the second member.

Lightning protection capability of the fastener member
can be ensured by forming the sealant layer around the
portion to be insulated.

In the present invention, the sealant cup and the dummy
cup have any outer shape. When the sealant cup and the
dummy cup have a circular shape, the sealant cup and the
dummy cup can be mounted to the cup holder without
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considering a direction around an axis. Thus, the sealant cup
may be a cylindrical member where the cavity opens at one
axial end. In the cup holder, the guide may be an arc surface
having a radius of curvature corresponding to an outer
periphery of the sealant cup. The dummy cup may have a
guided region corresponding to the outer periphery of the
sealant cup supported by the guide.

In the guide of the cup holder according to the present
invention, a chamfer may be formed on a side receiving the
sealant cup and the dummy cup.

The chamfer functions as a guide when the cup holder is
mounted toward the dummy cup, and when the sealant cup
is mounted toward the cup holder, thereby smoothly mount-
ing the cup holder to the dummy cup and the sealant cup to
the cup holder.

In the present invention, a gap may be formed between the
sealant cup and the cup holder when the sealant cup is
mounted to the cup holder.

When the gap is formed between the sealant cup and the
cup holder, a region where the sealant squeezes out can be
ensured.

The guide of the cup holder according to the present
invention may be a circular surface, or may be an arc surface
having a radius of curvature corresponding to an outer
diameter of the sealant cup and an outer diameter of the
dummy cup, and having a center angle of 180° or more.

That is, if a sufficient space for the cup holder cannot be
ensured, the arc surface having a center angle of 180°, i.e.,
a semicircular guide may be used. Of course, the arc surface
having a center angle exceeding 180° may be used. Accord-
ingly, the sealant cup and the dummy cup can be stably
retained.

In the sealant cup according to the present invention, a
thickness in a vicinity of the opening of the cavity may be
smaller than that of a region axially away from the vicinity
of the opening. The sealant in the cavity can be thereby
easily caused to squeeze out.

In the sealant cup according to the present invention, a
diameter of the cavity may be continuously or intermittently
increased toward the opening. The sealant cup can be
thereby easily removed after the sealant is cured.

The present invention also provides a method for forming
a sealant layer by using the aforementioned jig.

The method includes: a first step of mounting the dummy
cup to the fastener member; a second step of mounting the
cup holder to the dummy cup by moving the guide along the
dummy cup; and a third step of mounting the sealant cup to
the fastener member while moving the sealant cup along the
guide of the cup holder after removing the dummy cup with
a relative position of the cup holder to the fastener member
maintained.

A lightning protection fastener on which the sealant layer
is formed as described above is typically used in a wing of
an aircraft.

In the method according to the present invention, before
the third step, a sealant is preferably fed into the cavity of the
sealant cup in advance.

Since the sealant cup filled with the sealant in advance is
overlaid on the fastener member, air can be pushed out of the
sealant cup by the pressure of the sealant. Generation of
voids can be thereby suppressed.

In the method according to the present invention, before
the first step, the fastener member may be coated with
another sealant having lower viscosity than the sealant to be
fed into the sealant cup.

10

15

20

25

30

35

40

45

50

55

60

65

4

When the sealant having lower viscosity is applied in
advance, the sealant supplied from the sealant cup flows
without trapping air. Generation of voids can be thereby
suppressed.

In accordance with the present invention, the sealant cup
can be determined in position with respect to the fastener
member by mounting the sealant cup to the cup holder
determined in position by using the dummy cup. Accord-
ingly, the sealant layer having a required thickness can be
quickly and accurately formed around the faster member.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A to 1C are top views and sectional views of a jig
used in a first embodiment: FIG. 1A shows a dummy cup;
FIG. 1B shows a cup holder; and FIG. 1C shows a sealant
cup;

FIGS. 2A and 2B are sectional views for explaining a first
step in the first embodiment;

FIGS. 3A and 3B are sectional views for explaining a
second step in the first embodiment;

FIGS. 4A and 4B are sectional views for explaining a
third step in the first embodiment;

FIGS. 5A to 5D are views for explaining a second
embodiment: FIG. 5A shows a dummy cup; and FIGS. 5B
to 5D are sectional views showing a zero step to a first step;
and

FIGS. 6A to 6C are sectional views for explaining the
second embodiment: FIG. 6 A shows a second step; FIG. 6B
shows a third step; and FIG. 6C shows a fastener member on
which a sealant layer is formed.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following, preferred embodiments of the present
invention are described by reference to the accompanying
drawings.

First Embodiment

First, one example of a fastener member as an object of
the present invention is described.

As shown in FIG. 2A, a fastener member 24 in the present
embodiment joins a wing panel 21 (a first member) and a
reinforcement structural member 22 (a second member)
laminated on the wing panel 21. The wing panel 21 is
arranged on an outer side of a wing of an aircraft, and the
reinforcement structural member 22 is arranged on an inner
side of the wing.

The fastener member 24 includes a pin-shaped fastener
body 25, a collar 26 having a conical frustum shape that is
mounted to a shank portion 25« of the fastener body 25 on
the inner side of the wing, and a washer 27 made of an
insulating material.

In the present invention, a bolt may be used instead of the
pin-shaped fastener body 25, and a nut meshing with the bolt
may be used instead of the collar 26 so as to constitute the
fastener member. That is, the fastener member according to
the present invention has a concept in which one of the
members includes a shank portion, and the other of the
members includes a fixture mounted to the shank portion in
any specific form.

The fastener body 25 and the collar 26 are generally made
of'a metal material such as titanium alloy in view of strength.
The fastener body 25 includes the shank portion 25a around
which a thread groove 25¢ is formed, and a tapered head
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portion 254 that is provided at one end portion of the shank
portion 25a and has a wider diameter than the shank portion
25a.

The washer 27 has an annular shape with a predetermined
thickness, and is normally made of a metal material. When
the metal material is used for the washer 27, stainless steel,
aluminum or the like are used.

A coating is normally applied to a surface of the metal
member such as the fastener body 25, the collar 26, and the
washer 27. For example, when an anodized coating is
applied, anticorrosion properties are maintained, and lubric-
ity in tightening is improved. When a conductive chemical
coating is applied, anticorrosion properties are maintained,
and conductivity is improved so as to prevent occurrence of
arc and improve static electricity removal performance.

When the washer 27 is made of an insulating material, arc
discharge can be more effectively prevented from occurring
in an interface between the reinforcement structural member
22 and the washer 27. However, the strength is lowered. It
is thus necessary to make consideration of structural design.
When the insulating material is used for the washer 27, resin
having insulating properties, such as PPS (polyphenylene
sulfide resin), polyimide, PEEK (polyether ether ketone
resin), and nylon resin, is preferably used.

The fastener body 25 is inserted from the outer side of the
wing (a lower side in the drawing) into holes 21a and 22a
respectively formed so as to pass through the wing panel 21
and the reinforcement structural member 22. The shank
portion 25a projects into the wing with the head portion 256
abutted against a surface of the wing panel 21 around the
hole 21a.

In this state, a distal end portion of the shank portion 25a
of'the fastener body 25 projects longer into the wing than the
collar 26. The shank portion 25a projecting into the wing
together with the collar 26 is covered with a sealant layer 29
made of an insulating material so as to prevent occurrence
of arc (see FIG. 4B).

The sealant layer 29 is desired to have a required thick-
ness so as to ensure lightning protection capability. If the
sealant layer 29 does not have a predetermined thickness for
ensuring the lightning protection capability, that is, if the arc
preventing means has insufficient performance and arc
occurs by lightning current on a contact surface between the
fastener member 24 and another peripheral member, the arc
cannot be sealed. The arc itself, or hot particles generated
from the arc may destroy the sealant layer 29 to blow out,
come into contact with flammable fuel vapor, and thereby
cause ignition. The sealant layer 29 is destroyed when a bulk
portion of the sealant tears or melts, or when the sealant
layer 29 is separated at a close contact surface between the
sealant layer 29 and an inner surface 225 of the reinforce-
ment structural member 22 to cause the hot particles to blow
out. The required thickness of the sealant layer 29 is, for
example, about 0.8 mm to 3.0 mm since the thickness needs
to be set so as to sufficiently withstand the magnitude of
lightning current flowing through each fastened portion. The
required thickness differs in respective portions even around
the same fastener member 24.

When the sealant layer 29 is formed, it is necessary to
prevent generation of voids within the sealant layer 29 as
much as possible. If there are a lot of voids in the sealant
layer 29, the arc sealing performance is reduced, and the
lightning protection capability is also deteriorated. Since
there are a great number of fastener members 24 in the wing
of the aircraft, it is necessary to reduce a time required for
forming the sealant layer 29 for each of the fastener mem-
bers 24.
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First, to form the sealant layer having a required thickness
around the fastener member 24, a predetermined amount of
sealant is required. However, it is not easy to accurately
apply the predetermined amount of sealant to the fastener
member by using a device such as a seal gun.

Thus, in the present embodiment, a sealant cup 13 includ-
ing a cavity 13a that stores an uncured sealant 28 is used as
shown in FIG. 1C.

To form the sealant layer having a required thickness, the
cavity 13a needs to have an outer diameter and a depth
enough to ensure the required thickness with respect to an
outer diameter and a projecting length of the fastener
member 24. A study on this point is described in detail later.
It is a premise that the sealant 28 for coating does not
become insufficient. To this end, the sealant 28 is fed so as
to fully fill the cavity 13a of the sealant cup 13 in principle.
In some cases, however, the amount of the sealant 28 in the
cavity 13a is reduced as described later.

The required thickness may not be obtained only by
identifying the outer diameter and the depth of the cavity
134, and the amount of the sealant 28 fed into the cavity 13a.
That is, the required thickness may not be obtained when a
center axis of the cavity 13a and a center axis of the fastener
member 24 are not matched with each other. It means that
the center axis of the cavity 13a may be laterally displaced,
or may be inclined.

Thus, the center axis of the cavity 13a is made coaxial
with the center axis of the fastener member 24. That is, when
the respective center axes are aligned, the cavity 13a forms
an axisymmetric rotating body with respect to the center axis
of the fastener member 24. However, it requires consider-
able skill to directly overlay the sealant cup 13 on the
fastener member 24 with the center axes aligned with each
other.

In the present embodiment, the sealant cup 13 is deter-
mined in position and retained by using a cup holder (FIG.
1B) arranged coaxially with the fastener member 24. As the
premise, the cup holder 12 needs to be arranged coaxially
with the fastener member 24. Thus, a cup as a dummy of the
sealant cup 13 (a dummy cup 11: FIG. 1A) is mounted to the
fastener member 24 in advance. The dummy cup 11 includes
a guide surface 15a so as to be arranged coaxially with the
fastener member 24. The cup holder 12 is mounted to the
dummy cup 11, so that the cup holder 12 is determined in
position coaxially with the fastener member 24.

The present embodiment proposes a method for quickly
and accurately forming the sealant layer 29 having a
required thickness by use of three types of jigs of the dummy
cup 11, the cup holder 12, and the sealant cup 13. The
method is performed on the fastener member 24, the assem-
bly of which is completed except for the sealant layer 29.

First, the three types of jigs used in a first step to a third
step described later are described by reference to FIGS. 1A
to 1C.

[Dummy Cup 11]

The center axis of the fastener member 24 is identified in
relation to the dummy cup 11 by mounting the dummy cup
11 to the fastener member 24 (the collar 26 and the shank
portion 25a exposed from the collar 26) in a first step.

As shown in FIG. 1A, the dummy cup 11 includes a
cylindrical body 11a that is closed at one axial end, and
opens in a first airspace 14 at the other axial end, the first
airspace 14 formed in the body 11a, and a second airspace
15 communicating with the first airspace 14. The body 11a,
the first airspace 14, and the second airspace 15 are formed
s0 as to be aligned with a center axis C11. An outer diameter
(diameter) d1 of the body 11a is set to be equal to an inner
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diameter d2 of a retention hole 16 in the cup holder 12 and
an outer diameter (diameter) d3 of the sealant cup 13
described below.

The first airspace 14 receives the washer 27 in a state in
which the dummy cup 11 is mounted to the fastener member
24. The first airspace 14 has an enough diameter for receiv-
ing the washer 27.

The second airspace 15 receives the collar 26 and the
shank portion 25a exposed from the collar 26 in a state in
which the dummy cup 11 is mounted to the fastener member
24. An inner peripheral surface of the body 11a defining the
second airspace 15 forms the guide surface 15a. The guide
surface 15a contacts a side surface of the collar 26. The
guide surface 15a is inclined at an angle equal to the side
surface of the collar 26. Therefore, the center axes of the
dummy cup 11 and the fastener member 24 can be matched
with each other by mounting the dummy cup 11 to the
fastener member 24.

An outer peripheral surface (a cylindrical surface) of the
dummy cup 11 forms a guide surface that is guided along
and supported by a guide surface 16a of the cup holder 12.

The dummy cup 11 can be made of a metal material such
as aluminum alloy, or a resin material such as fluorine resin.

A height hl of the dummy cup 11 is set to be greater than
a height h2 of the cup holder 12 described below. This is to
engage the cup holder 12 and the dummy cup 11 in the
retention hole 16.

The height hl is preferably set in consideration of a grip
portion for use in removing the dummy cup 11 from the cup
holder 12.

[Cup holder 12]

The cup holder 12 is used for fixing the position of the
fastener member 24, the center axis of which is identified by
the dummy cup 11. The cup holder 12 is mounted around the
dummy cup 11 in a second step.

As shown in FIG. 1B, the cup holder 12 is a cylindrical
member, one axial end of which opens. A retention plate 17
is formed at the other end. The circular retention hole 16 is
formed penetrating through the retention plate 17. An inner
peripheral surface of the retention plate 17 defining the
retention hole 16 forms the guide surface 16a.

The inner diameter d2 of the retention hole 16 is matched
with the outer diameter d1 of the body 11a of the dummy cup
11. When the dummy cup 11 is inserted into the retention
hole 16 and mounted to the cup holder 12, the guide surface
16a comes into contact with the outer peripheral surface (the
guide surface) of the dummy cup 11. Then, the dummy cup
11, to which the fastener member 24 is mounted, and the cup
holder 12 are determined in position such that the center axis
C11 and a center axis C12 are matched with each other.

An inner diameter d4 of a portion of the cup holder 12
other than the retention plate 17 is set to be larger than the
outer diameter d1 of the dummy cup 11. This is to ensure a
gap into which the sealant 28 spills (squeezes out) as
described later.

Chamfers 165 are formed around the retention hole 16 of
the cup holder 12. When the chamfers 1656 are formed, the
cup holder 12 can be smoothly mounted to the dummy cup
11, and the sealant cup 13 can be smoothly mounted to the
cup holder 12.

The height h2 of the cup holder 12 is set to be smaller than
the height hl of the dummy cup 11. This is to engage the cup
holder 12 and the dummy cup 11 in the retention hole 16.

The cup holder 12 can be also made of a metal material
such as aluminum alloy, or a resin material such as fluorine
resin similarly to the dummy cup 11.
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[Sealant Cup 13]

As shown in FIG. 1C, the sealant cup 13 is a cup-shaped
member including the cavity 13qa filled with the uncured
sealant 28. In a third step, the sealant cup 13 is inserted into
and mounted to the retention hole 16 of the cup holder 12
after the dummy cup 11 is removed.

An outer peripheral surface (a cylindrical surface) of the
sealant cup 13 forms a guide surface that is guided along and
supported by the guide surface 16a of the cup holder 12.

As described above, the sealant cup 13 has the outer
diameter d3 equal to the inner diameter d2 of the retention
hole 16 in the cup holder 12. To ensure release properties for
the sealant, and to cause the sealant 28 to easily squeeze out,
the sealant cup 13 is, for example, made of fluorine resin
having low rigidity.

The cavity 13a of the sealant cup 13 has a sufficient
volume for forming the sealant layer 29 having a required
thickness around the collar 26 and the shank portion 25«
exposed from the collar 26 (a portion where insulation is
required).

The sealant layer 29 to be formed needs to have a
sufficient thickness in consideration of shrinkage of the
sealant by 10% to 20% of the thickness when the sealant
layer is cured, and various manufacturing tolerances. How-
ever, when the sealant layer 29 is set to a thickness larger
than the required thickness, the total weight of the aircraft is
increased, thereby affecting fuel consumption. Thus, the
outer diameter of the cavity 13a of the sealant cup 13 is
preferably set to a diameter determined according to a
following procedure. First, a thickness obtained by adding a
value of 10% to 20% of the required thickness to the
required thickness of the sealant layer is calculated. Subse-
quently, a thickness twice as large as the above thickness is
calculated. Lastly, a value obtained by adding the outer
diameter of the fastener member 24 and various manufac-
turing tolerances to the thickness calculated as above is
calculated, and the value is employed as the outer diameter
of the cavity 13a.

To be more specific, when the required sealant thickness
is 2.5 mm, a value twice as large as a value obtained by
adding 20% of the required thickness is 6.0 mm. A manu-
facturing tolerance of 1.0 mm and a maximum tolerance of
the washer position from the fastener body position are
added to 6.0 mm. The value obtained as above is employed
as the outer diameter of the cavity 13a.

A depth h4 of the cavity 13a is preferably set to a depth
obtained by (1)+(2)+(3):

(1) the projecting length of the fastener body 25,

(2) the thickness obtained with 10% to 20% of the
required thickness added to the required thickness of
the sealant layer, and

(3) tolerances of the projecting length of the fastener body
25 and the depth h4 of the cavity 13a.

The diameter of the cavity 13a is increased toward the
opening portion in accordance with the outer shape of the
fastener member 24. Thus, a bottom portion 18 of the sealant
cup 13 is thin. If the bottom portion 18 is thick, a footprint
of the sealant cup 13 becomes larger. Thus, a larger flat
portion is correspondingly required in an inner surface of the
reinforcement structural member 22. It is then necessary to
make the reinforcement structural member 22 larger than
required in structural design, thereby increasing the weight
of the aircraft. Therefore, it is more preferable that the
bottom portion 18 is thinner. However, if the bottom portion
18 is too thin, the sealant cup 13 is easily deformed, so that
the sealant layer 29 having a desired thickness may not be
formed, and it also becomes difficult to perform an operation



US 9,475,587 B2

9

of feeding the sealant as described below. The thickness of
the bottom portion 18 is preferably set to 0.5 mm to 2.0 mm.

A height h3 of the sealant cup 13 is also set to be greater
than the height h2 of the cup holder 12. This is to engage the
cup holder 12 and the sealant cup 13 in the retention hole 16.

The steps for forming the sealant layer 29 around the
fastener member 24 by using the dummy cup 11, the cup
holder 12, and the sealant cup 13 are described by reference
to FIGS. 2A to 4B.

[First Step: FIGS. 2A and 2B]

In the first step, the dummy cup 11 is mounted to the
fastener member 24 that projects from the surface of the
reinforcement structural member 22 (FIG. 2B). At this point,
the fastener member 24 and the dummy cup 11 are mutually
guided by moving the guide surface 154 formed on the body
11a of the dummy cup 11 along the inclined side surface of
the collar 26 having a conical frustum shape. The fastener
member 24 (the shank portion 254) and the dummy cup 11
are mutually determined in position such that a center axis
C24 and the center axis C11 are accurately matched with
each other.

[Second Step: FIGS. 3A and 3B]

In the second step, the retention hole 16 of the cup holder
12 and the dummy cup 11 mounted to the fastener member
24 are roughly aligned with each other. The cup holder 12 is
then lowered such that the dummy cup 11 passes through the
retention hole 16.

As shown in FIG. 3A, the guide surface 16a of the cup
holder 12 is moved along the outer peripheral surface of the
dummy cup 11, so that the cup holder 12 and the dummy cup
11 are mutually guided. The cup holder 12 is lowered until
a lower end of the cup holder 12 comes into contact with the
surface of the reinforcement structural member 22. After
that, displacement of the cup holder 12 is prevented. The
displacement is effectively prevented by providing an adhe-
sive, e.g., adhesive silicone between the cup holder 12 and
the reinforcement structural member 22.

Since the outer diameter d1 of the dummy cup 11 is equal
to the inner diameter d2 of the retention hole 16 in the cup
holder 12, the fastener member 24 (the shank portion 25q)
and the cup holder 12 are mutually determined in position
such that the center axis C24 and the center axis C12 are
accurately matched with each other.

The chamfers 165 are formed around the retention hole
16. When the dummy cup 11 is inserted into (mounted to)
the retention hole 16 of the cup holder 12 in the second step,
the chamfer 165 on the lower side in the drawing functions
as a guide, thereby smoothly mounting the dummy cup 11.

Subsequently, the dummy cup 11 is removed while main-
taining the relative position of the cup holder 12 to the
fastener member 24 (FIG. 3B). The cup holder 12 remains
to be determined in position coaxially with the fastener
member 24.

[Third Step: FIGS. 4A and 4B]

As shown in FIG. 4A, in the third step, the sealant cup 13
filled with the sealant 28 is mounted to the cup holder 12
instead of the removed dummy cup 11. That is, the sealant
cup 13 is pushed into the retention hole 16 after being
aligned with the retention hole 16 of the cup holder 12 above
the retention hole 16. The sealant cup 13 is lowered while
being guided along the guide surface 16a, so that the
fastener member 24 is covered with the sealant 28.

The chamfers 165 are formed around the retention hole
16. Thus, when the sealant cup 13 is inserted into the cup
holder 12, the chamfer 165 on an upper side in the drawing
functions as a guide, thereby smoothly mounting the sealant
cup 13.
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As the sealant 28, a high-viscosity polysulfide polymer
material generally used for a fillet seal or a fastener seal
within a thick tank, e.g., PR-1776M B-2 Class B Low
Weight Fuel Tank Sealant manufactured by PRC-Desoto
Inc. is used. It is preferable to use a sealant with few voids
therein as the sealant 28.

Since the sealant cup 13 has the outer diameter d3 equal
to the diameter of the retention hole 16, the fastener member
24 and the sealant cup 13 are mutually determined in
position such that the center axis C24 and a center axis C13
are accurately matched with each other. Therefore, the
sealant 28 can cover a region around the portion to be
insulated (the collar 26 and the shank portion 25a exposed
therefrom) with a required thickness for ensuring the light-
ning protection capability in the cavity 13a of the sealant cup
13.

Here, in the third step, the sealant 28 is fed into the cavity
13a by such an amount that the sealant 28 spills (squeezes
out) from between the surface of the reinforcement struc-
tural member 22 and a lower edge of the sealant cup 13
(reference character SO in FIG. 4A). The sealant 28 is
basically fed until the cavity 13« is fully filled. However, a
great amount of sealant may squeeze out depending on the
shape of the fastener member 24 on which the sealant layer
29 is formed. Thus, the amount of the sealant 28 may be
appropriately reduced. When reduced too much, the amount
may not reach a required amount for forming the sealant
layer 29, causing generation of voids. Thus, a reference line
may be formed inside the cavity 13a in advance so as to
indicate an appropriate amount for filling.

When the sealant cup 13 is overlaid on the fastener
member 24, the sealant cup 13 is pushed with an interval
between the cavity 13a and the fastener member 24 evenly
maintained. Thus, the sealant 28 fed in the sealant cup 13 is
supplied while being pushed out parallel to an axial direction
of the fastener member 24 evenly around the fastener
member 24. Therefore, the sealant 28 is quite unlikely to trap
air therein from around the sealant 28. Generation of voids
due to inclusion of air is thereby suppressed in the final
sealant layer 29.

When the squeeze out SO is formed over the entire
periphery of a rim portion of the sealant cup 13, it means that
the sealant 28 spreads to the entire periphery of the fastener
member 24. It is thus possible to visually determine that the
sealant 28 spreads to the entire periphery of the fastener
member 24 so as to prevent the generation of voids by
confirming the formation of the squeeze out SO.

Since the bottom portion 18 of the sealant cup 13 is thin,
the squeeze out is easily formed. When the sealant cup 13 is
made of the fluorine resin having relatively low rigidity, the
squeeze out is more easily formed.

Lastly, after a lapse of at least a time length (tack free
time) in which the sealant 28 is cured such that its surface
is not deformed even when touched (tack free), the cup
holder 12 and the sealant cup 13 are removed (FIG. 4B).

If the sealant cup 13 is removed before the lapse of the
tack free time, the surface of the sealant 28 having low
hardness is easily damaged or a foreign object is easily
attached thereto. In the present embodiment, the sealant cup
13 is removed after the lapse of at least the tack free time.

A unique number (product serial number, figure number,
etc.) for identifying the sealant cup 13 may be stamped on
an inner surface of the cavity 13a of the sealant cup 13.
Then, the unique number can be marked on a surface of the
formed sealant layer 29. Configuration management of the
sealant layer 29 can be thereby enabled after forming.
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The diameter of the cavity 13qa is increased toward the
opening. The sealant cup 13 is thereby easily removed.

It is necessary to appropriately set the height hl of the
dummy cup 11, the height h2 of the cup holder 12, and the
height h3 of the sealant cup to required values for obtaining
the required mount states in the aforementioned series of
steps.

Next, effects of the present embodiment in which the
sealant layer 29 is formed by the first step to the third step
are described.

In accordance with the present embodiment, the center
axes can be matched with each other only by mounting the
dummy cup 11 to the fastener member 24, the cup holder 12
to the dummy cup 11, and the sealant cup 13 to the cup
holder 12 in the first step to the third step. As a result, the
center axis of the sealant cup 13 and the center axis of the
fastener member 24 can be matched with each other. There-
fore, the sealant layer 29 having a required thickness can be
quickly and accurately formed around the portion to be
insulated (the collar 26 and the shank portion 25a exposed
therefrom).

In the third step, the sealant cup 13 filled with the sealant
28 is overlaid on the fastener member 24 from above. Then,
air around the fastener member 24 is pushed out of the
sealant cup 13 by the pressure of the sealant 28. The sealant
layer 29 having few voids generated by air can be thereby
formed. Therefore, the lightning protection capability of the
fastener member 24 can be ensured by the sealant layer 29
according to the present embodiment.

In the present embodiment, the sealant cup 13 is removed
after the lapse of at least the tack free time. Thus, the sealant
layer 29 does not lose its shape in the middle of curing.
Damage or attachment of foreign objects to the surface of
the sealant layer 29 is thereby suppressed.

Second Embodiment

A present embodiment provides another example of the
dummy cup, and means for forming the sealant layer by use
of'a cup holder that can be used even in a narrow space. The
present embodiment also provides means for further sup-
pressing the generation of voids by use of two types of
sealants. In the following, differences from the first embodi-
ment described above are mainly described.

In the second embodiment, a sealant 28A having low
viscosity and a sealant 28B having higher viscosity than the
sealant 28 A are used as the sealant 28. The sealant 28 in the
first embodiment corresponds to the sealant 28B having
higher viscosity. A low-viscosity polysulfide polymer mate-
rial generally used for a brush seal within a tank, e.g.,
PS-890A-2 Class A Fuel Tank Sealant manufactured by
PRC-Desoto Inc. may be used as the sealant 28A.

As shown in FIGS. 5C and 5D, a dummy cup 31 used in
the second embodiment includes an airspace 32 and an
airspace 33. The airspace 32 avoids contact with the shank
portion 254 in response to the use of the sealant 28A, and the
airspace 33 limits contact with the collar 26 to a portion of
an upper end portion of the collar 26. An outer diameter d1
of the dummy cup 31 is set to be equal to an inner diameter
d2 of a holder body 42 (a guide surface 42a) of a cup holder
41 described below.

As shown in FIG. 5A, the cup holder 41 includes a
support base 43, and the holder body 42 connected to the
support base 43 by a movable arm 44. The holder body 42
includes the guide surface 42a composed of an arc surface
having a radius of curvature of d2/2 and a center angle of
180°.
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The movable arm 44 is connected to the support base 43
by a fixture 48 so as to be vertically movable. The holder
body 42 is rotatably connected to the movable arm 44 by a
fixture 47. Therefore, the holder body 42 can be adjusted to
any circumferential position about the fixture 47 as its center
axis and any height.

Steps for forming the sealant layer 29 around the fastener
member 24 by using the cup holder 41 and the dummy cup
31 according to the second embodiment are described by
reference to FIGS. 5A to 6C.

[Zero Step: FIG. 5B]

First, in a zero step, the sealant 28A is applied to a region
around the fastener member 24 by using a brush (FIG. 5B).
At this point, the sealant 28A is applied to a region within
a range of about the outer diameter of the sealant cup 13.
[First Step: FIG. 5C]

As shown in FIG. 5C, in a first step, the dummy cup 31
is mounted to the fastener member 24 to which the sealant
28A has been applied similarly to the operation in the first
step described in the first embodiment. The center axis C24
of the fastener member 24 (the shank portion 25q) and a
center axis C31 of the dummy cup 31 are matched with each
other by mounting the dummy cup 31 as described above.

In the mount state, the side wall at a distal end of the collar
26 is in contact with the dummy cup 31 in the airspace 33.
A distal end surface of the collar 26 is abutted against a
stepped surface formed in a boundary portion between the
airspace 32 and the airspace 33. That is, the dummy cup 31
contacts the collar 26 only in a limited portion. Thus, the
sealant 28A is removed only in a narrow region when the
dummy cup 31 is mounted. This is to leave the sealant 28A
in as wide as possible region around the collar 26 since the
sealant 28A acts as a lubricant for the sealant 28B as
described below.

[Second Step: FIG. 5D]

As shown in FIG. 5D, in a second step, the guide surface
42a of the holder body 42 of the cup holder 41 is moved
along an outer peripheral surface of the dummy cup 31. The
cup holder 41 is then fixed so as not to be displaced. Since
the cup holder 41 includes the support base 43, the support
base 43 may be fixed.

Since the outer diameter d1 of the dummy cup 31 is equal
to the inner diameter d2 of the holder body 42, the center
axis C24 of the fastener member 24 (the shank portion 25a)
and a center axis C42 of the holder body 42 can be matched
with each other (FIG. 5D).

The dummy cup 31 is then removed with the cup holder
41 fixed. The fastener member 24 and the cup holder 41
remain arranged coaxially with each other.

[Third Step: FIGS. 6A to 6C]

In a third step, the sealant cup 13 filled with the sealant
28B is mounted to the cup holder 41 instead of the removed
dummy cup 31 (FIG. 6A). That is, the sealant cup 13 is
pushed toward the fastener member 24 with the outer
peripheral surface of the sealant cup 13 moved along the
guide surface 42a of the cup holder 41. The sealant cup 13
is mounted to the fastener member 24 with the outer
peripheral surface mutually guided along the guide surface
42a. The sealant 28B thereby covers the sealant 28A. The
center axis C24 of the fastener member (the shank portion
25a) and the center axis C13 of the sealant cup 13 can be
also matched with each other.

Lastly, after the sealant 28A and the sealant 28B become
tack-free, the cup holder 41 and the sealant cup 13 are
removed.

The sealant layer 29 can be formed around the fastener
member 24 by the aforementioned series of steps.
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The present embodiment provides a following effect in
addition to the same effects as those of the first embodiment.

The holder body 42 of the cup holder 41 supports only
half of the outer periphery of the dummy cup 31 and the
outer periphery of the sealant cup 13. Thus, the holder body
42 occupies only a small region, so that the cup holder can
be used even when the fastener member 24 is arranged in a
narrow space.

Since the holder body 42 can be adjusted to any direction
and height, the cup holder can be applied to a wide range.

Although the arc guide surface 42a has a center angle of
180°, the center angle may be smaller than 180°, or exceed
180°. The center angle is preferably larger than 180° so as
to stably support the dummy cup 31 and the sealant cup 13.

Since the two sealants having different viscosity are used
in the second embodiment, the following effects can be also
produced.

That is, when the sealant 28A is applied in advance, the
sealant 28A easily flows in the vicinity of the fastener
member 24, and also fills a depression, if any, in the surface
of the fastener member 24 since the sealant 28A is pushed
out by the sealant 28B. Moreover, since the sealant 28A acts
as a lubricant, the sealant 28B can flow so as to slide on the
surface of the sealant 28A. The sealant 28A and the sealant
28B are thus unlikely to trap air therein, so that the genera-
tion of voids can be suppressed.

The method for forming the sealant layer 29 by using the
two types of sealants as described above may be also applied
to the first embodiment.

The viscosity of the sealant 28 A is appropriately selected
so as to obtain the aforementioned action and effect.

Although the present invention has been described based
on the first embodiment and the second embodiment, the
dummy cup, the cup holder, and the sealant cup are not
limited to the aforementioned forms as long as their func-
tions can be fulfilled.

For example, the dummy cup may contact only a portion
of'the collar 26 and the shank portion 25a exposed therefrom
so as to match the center axis with the center axis of the
fastener member 24. As long as a dummy cup includes a
guide surface in contact with a portion of the side surface of
the collar 26 or a guide surface in contact with the side
surface of the exposed shank portion 254, the dummy cup
sufficiently functions as the dummy cup of the present
invention. A portion of the collar 26 includes both an axial
portion of the collar 26, and a circumferential portion of the
collar 26. The same applies to the cup holder and the sealant
cup.

The outer shape of the dummy cup and the sealant cup,
and the retention hole of the cup holder are not limited to the
circular shape. For example, a rectangular shape may be
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employed. In the case of the rectangular shape, however, the
dummy cup and the sealant cup cannot be mutually mounted
to the cup holder unless they are aligned around the axis. In
the case of the circular shape, alignment around the axis is
not required.

In the present invention, the form of the fastener member
24 is not limited. Although the example in which the side
surface of the collar 26 is tapered is described, the present
invention may be applied to a collar having an axially
constant outer diameter, for example.

The constitutions described in the embodiment described
above may be also freely selected or appropriately changed
into other constitutions without departing from the scope of
the present invention.

What is claimed is:

1. A method for producing a lightning protection fastener
with an insulating sealant layer, the lightning protection
fastener comprising:

a fastener member that passes through and fastens a
plurality of members constituting an airframe of an
aircraft; and

an insulating sealant layer that is formed around the
fastener member,

with a jig comprising:

a sealant cup that overlays a sealant to be stored in a cavity
on the fastener member;

a cup holder that includes a guide for determining a
position of the sealant cup with respect to the fastener
member; and

a dummy cup that determines a position of the cup holder
with respect to the fastener member,

performing the method comprising:

a first step of mounting the dummy cup to the fastener
member;

a second step of mounting the cup holder to the dummy
cup by moving the guide along the dummy cup; and

a third step of mounting the sealant cup to the fastener
member so as to overlay the sealant on the fastener
member while moving the sealant cup along the guide
of the cup holder after removing the dummy cup with
a relative position of the cup holder to the fastener
member maintained.

2. The method according to claim 1, wherein a sealant is
fed into the cavity of the sealant cup in advance before the
third step.

3. The method according to claim 1, wherein before the
first step, the fastener member is coated with another sealant
having lower viscosity than the sealant to be fed into the
sealant cup.
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